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a Inhibition of respiratory syncytial virus infection with 

| intranasal siRNA nanoparticles targeting the viral NS1 gene 

3 Weidong Zhang 1 ' 2 , Hong Yang 2 , Xiaoyuan Kong 1 ' 2 , Subhra Mohapatra 3 , Homero San Juan-Vergara 2 , 

■| Gary Hellermann 1,2 , Sumita Behera 4 , Rajeswari Singam 4 , Richard F Lockey 1 > 2 & Shyam S Mohapatra 1,2 

2 Respiratory syncytial vims (RSV) infection is one of the major causes of respiratory tract infection for which no vaccine or antiviral 

£ treatment is available. The RSV NS1 protein seems to antagonize the host interferon (IFN) response; however, its mechanism is 

| unknown. Here, we used a plasm id-borne small interfering RNA targeting the NS1 gene (siNSl) to examine the role of NS1 in 

I modulating RSV infection. RSV replication was reduced in A549 cells, but not IFN-deficient Vero cells, transfected with siNSl. 

B. siNSl induced upregulated expression of IFN-|j and IFN-inducible genes in A549 cells. siNSl-transfected human dendritic cells, 

I upon RSV infection, produced elevated type-1 IFN and induced differentiation of naive CD4+ T cells to T helper type 1 (TH1) 

ss. cells. Mice treated intranasal^ with siNSl nanoparticles before or after infection with RSV showed substantially decreased virus 

| titers in the iung and decreased inflammation and airway reactivity compared to controls. Thus, siNSl nanoparticles may provide 

O an effective inhibition of RSV infection in humans. 



RSV is a major viral respirator) pathogen and produces an annual 
epidemic of respiratory illness causing bronchiolitis and otitis media 
in infants and young children 1 - and pneumonia in adults and the 
eld Hi _ 1991 1 9 s i vS ii ocia d annually with over 

17,000 deaths 5 . Immunodeficiency, cardiac arrhythmia and congenital 
heart disease are risk factors for more severe diseases with RSV infec • 
tion 6 - 8 . An effective vaccine is not available for RSV and may not even 
be practical given the immunocompromised state of the large; high- 
risk population, the mcomcdele -.mtmmitv developed el en In natural 

i RSV infection and its short incubation period''-"'. Consequently, DNA- 

Sfrbased prophylactics are under investigation. 

" RSV is the prototypic member of the actios Vimnmn-iru- and is an 
enveloped, nonsegmentecl. negative stranded RNA virus. The RSV 
genome of approximately 1 5,200 nucleotide.* is transcribed into 10 tran- 
scripts encoding, 1 1 dismiss piotelns, insludmg 1 nonstructural proteins, 
NS1 and NS2, >«h J u . o_,s L n . -a it , IV -i As encoded by 
the fust ind ,< ind „ | 1 1 i l i rj s -,1 , 
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repeated RSV infections are common as a result of the incomplete imnm- 
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polymer- 1 " 24 . Because bovine and human RSV NS1 seem to antago- 
nize the type-1 IFN-mc 1 i 1 i ira! i ponsc ' , we reasoned 
that blocking NS gene expression might attenuate RSV replication 
and provide an effective antiviral and immune enhancement therapy. 
The short interfering RNA (siRNA) approach has proven effective in 
silencing a number of genes of different viruses 29 . Here we used this 
approach to examine the potential and mechanism of siNSl to inhibit 
RSV replication in cultum i in d i i Mate immunity 

against RSV in human dendritic cells and attenuate RSV infection in 
mice. The results show that siNSl -mediated .silencing of the NS1 gene 
i i ii I i u iii 
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RESULTS 

siNSl inhibition of recombiant RSV infection 

Two different siRNA oligonucleotide sequences for RSVNS1, siNSl 
and siNSl a, and control s mist HI" 5E7 (siE7 and influ- 

enza virus PB2 (siPB2) were designed and cloned into the pSMVVZ-1 
vector 30 . Anah ' tin . otransfected with 

pEGFP and siNSl . siNSl a, siE7 or siPRO showed that none of the siR- 
NAs silence the EGFI gen dal. not shown) Immunoblotting results 
showed that pien i o n o •> 1 t si , . s p M1 p 

stantialh rediK n si ' i nt thai 

other viral prut , n i itn recom- 

binant RSV expressing GFP (rgRSV) 3, .To lest whether siNSl a 
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3 plaque assay. Data are the averages of two independent experiments; "P< 0.01 when compared with control group. 



virus infection, we transfected A549 cells and type- 1 IFN-<Jeficient 32 Vera 
cells with the siNSl, siNSIa or control siRNAs, and then infected them 
withrgl-iM re result letry showed 1 i 

decrease in the pel cent _ i J i nag KiFIUn marked contrast to 
A549 cells, siNSl and siNSIa did not decrease viral replication in Veto cells 
as compared to controls (Fig. lb) Put 1 i i m que assays for RSV 
titers in culture supernatants indicated that siNSl significantly decreases 
, (P < 0.01) rgRSV titer compared to controls in A549 but not Vero cells 
(Pig. lc). Plaque assays using siNSIa gave results similar to those from 

siNSl (dalanol s m i , I 1 nil n il iLl il i l 

' ates RSV infection in a gene-specific fashion, and this attenuation may 
involve modulation of the typc-1 IPN pathway by NS1. 

Mechanism of siNSl-mediated upregulation of the type-1 I FN 
pathway 

The finding that RSV infection of A549, but not 

Vero, cells is affected l>y siNS treatment siigjsc>ls 

a role of NS1 protein in the promotion of RSV a 

infection b mi n u >atn 

To verify whether NS1 decreases type-1 IFN, we 

examined the expression ofIFN-[ib> ! ;:iu;uiin>i>- 
jv lotting. The results show that A549 cells trans- 
Jhtvted with m <S o j is ipon RSV infection, 

produce tubstantulh inc\m-d amounts ,v 

IFN-{$, compared to the different controls, 

including unrelated si UNA with no homology 

to mammalian genes (siURi (Fig. 2 a,b). To 

further examine the role of KM in leguialin;;, 

the IFN pathway, we isolated RNAs from con- 

tro mil siNS isdt ceils an isb d 

them lo microan nai i 1 h 



i i nuclear k in ill > of ios i 1 1 dill co npared 

to controls (P < 0.05 and P < 0.01, respectively; Fig.2d,e), suggesting that 
theNSl piotcm I 1 i i i i o! i ioUii nn th nucleus. 

Silencing NS1 polarizes human DCs toward a T H l-promoting 
phenotype 

Monocytes isolated from human peripheral blood were cultured 
with requisite cytokines to test whether siNSl expression affects RSV- 
infected dendr.uc ,t 1 i mm lui' v i asuud the concentra- 
tion of IFN-Ot and IFN-p in ihe supernatnnts morn cultured, infected, 
monocyte-derived DCs transfected with siNSl or control siRNA. 
The data show that siNSl treatment induced a significantly higher 
(P < 0.05) production of both type-1 IFNs in infected DCs than the 
control siRNA (Fig. 3a). Furthermore, to assess the effect of siNSl - 
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To determine whether N31 affects STAT1 and 
IRF1 translocation m A549 cells, we infected 
transfected cells with wild-type RSV (MOI = 
0.1), fixed them 3 h later, permeabilized them 
and stained them with appropriate antibody. 
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T cells with RSV-infccted DCs treated with or 
thoul 1 result). > ntracellular cyto- 

kine staining showed an increase in IFN-7 and a 
decrease in IL-4 secretion in naive CD4 + T cells 
after they were cultured with siNS 1 -treated, RSV- 
infc ted I) 11 1 h contro Fig 3b 

Nanoparticle-complexed si NS Knano- 
siNSl) significantly attenuates RSV 
infection and pulmonary pathology in mice 

To determine v, hether d\'S I exerts an antiviral 
response -1 1 • il JI..iniL oamyevcJ 
the .siNSl plasmid (10 g per mouse) with a 
nanochilosan polymer id Ug 1 i'crred to 
as Nanogene 042 (NG042). Wc administered 
the nanoparticlcs as a nasal drop 2 d before 
viral inoculation. NS1 expression in the lungs 
(n = 6) of mice was assayed by RT-PCR 18 h 
after infection. siNSl substantially knocked 
down expression of the RSV NS1 gene but 
not the RSV F gene (Fig. 4a). The viral titer 
, in supernatants of homogenized lungs (n - 8) 
was also significantly decreased in the siNSl 
. treated mice compared to controls (P < 0.05; 
Fig. 4b). We challenged these mice (n = 8) 
with methacholine at day 4 following rgRSV 
> infection. RSV-infected mice showed a >400% 
increase in enhanced pause values compared 
to baseline and a 300% increase compared to 
the siNSl group (Fig. 4c). Mice treated with 
siNSl showed significantly lower (P < 0.05) 
AHR than that of untreated mice and showed 
a considerable reduction in pulmonary inflam- 
mation, as evidenced by decreases in the gob- 
let cell hyperplasia of the bronchi and in the 
number of infiltrating inflammatory cells in 
the interstitial regions compared to controls 
(Fig, 4d). lb assess IFN-p 1 



Table 1 IFN-inducible genes change more than sixfold in RSV-infected A549 cells 



Cc-'Dsrrson 11 
rgRSV rgRSV 



NM.005532 IFI27 interferon, alpha-inducible protein 27 
NM.006332 IFI30 interferon gamma-inducibie protein 30 
BF338947 IFITM2 interferon induced transmembrane protein 2 
AL121994 1-8U contains a pseudogene similar to IFITM3 

(interferon induced transmembrane protein 3, 

STSs and GSSs 

BE049439 If 144 interferon induced, heDatitis C-associated 

microtubular aggregate protein (44kD) 
NM_004509 IFI41 3P110 nuclear body protein (interleron-induced 

protein 75 52kD) 
NM. 003t PTS 6-pyruvovlt -.1 t 11 'hi 1 I r 

induced trarsiremhrane protein (9-27) (IFITM1) 
ISG:5 interfei ji a : pli 11 I ! 1 [clone IFI-15K) 
ISG20 interferon stimulated gene (20kD) (ISG20) 



NM.OOSIOI 
NM.002201 
NM_022147 
NMJ302176 
NM.002462 
NM.002463 
NM..016817 
NM..003733 
NM.016816 
NM. 006187 
NM.001550 
NM.O01547 



IFRG28 28kD interferon resoonsive protein 
IFNB1 interferon beta 1, fibroblast 

:ron-regulated resistance GTP-binding protein 
ron-regulated resistance GTP-binding protein 
2'-5'-oligoadenylate synthetase 2, 69/71kDa 

1 n 1 Lt-se like 
?',5 : -oligoadenylate synthetase 1, 40/46kDa 
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before viral inoculation, we extracted total - m '* 
RNAs from each group of animals, 24 h after 
infection (n = 6 per group) and assayed them 

by RT-PCR. Knockdov 1 > tin RS" N'St r,en« 1 icantly increased by intracellular cytokine staining of 

IFN-P expression in the Inns; compared to controls (P < 0.05; Fig.4e,f). Splenocytes of mic 

Examination of IFN-f/ levels in the bronchoalveolar lavage fluid by IFN-y production: 

EL1SA showed a twofold increase in 1 FN conceit [ration in siNS 1 treated IL-4 production ir 

mice compared to control mice :'data not shown). Examination of vi: 



for IFN-y and IL-4. 
; treated with NG042 siNS ! showed an increase in 
j both CD4 + and CD8+ T cells and also increases in 
CD4 + T cells compared with controls (Fig. 5b,c). 

I l_i 1 o 1 , I ] 



Potential of Nano-siNSl for prophylaxis and treatment of RSV 

infection 

io mi ,tie it 1 i 1 a, 1 - , 10 ■• a • < c 1 1 

with the N(.";tM2-^:N:S i p a 2. '• or 7 a before viral inoculation. 
1 lh 1 III in 1 it 1 p 

effect of siNSl can last for at ieast -1 d. although treatment at day -7 
or -s-.red io la contro' Fig. ">& 
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test whether 
immunity ami pro-aid 
the NG()42-siNSi cor 
10" plaque-forming u 
ialed them with RSV ( 
nity induced b; RSV ■, 



ex to mice, inoculated them with RSV ( 
p 11 I'mou 1 _ u la ) 1 a 
If) 7 p.f.u. /mouse) after 1 6 d. Cellular imr 
ci alter infection was examined in these n 
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viral titers compared to control mice IP < 0.05; Fig. 5d). Thus, pro- 
ittemiated the 

secondary RSV infection. 

To test the therapeutic potential of ' > ' ^2 SIS3 we administered 
the NG042-si \ - 1 n\ r ' 1 r 1 a 1 RS\ inoculation 

oratday2or? aft< tr 1 1 1 f 1 1 n 11 in 

or at 2 d aftc 1 1 t tr 1 < 1 j 1 lo« 'ci \i al titer 
compared to controls (P< 0.05; Fig.sei. Treatment withNG042-siNSl 
3 days after inoculation also decreased virus titer, albeit marginally, 
Furth mg st a of mi ted th 142-siNS la? lftej 
R"\' '-lucrum snowed a substantial decrease In king inf. a mutation, 
goblet cell hyperplasia arc 1 1 I inir ' . 11 comraaicd 

to control mice (Fig. 5f). 
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a) Figure 3 Effect < 



IFN-y 



human DCs and naive CD4 1 T cells. 

, , ip r - -i ir ? " w-t- r~ 

treated with or without siNSl were measured by ELISA. P<0.05 for siNSl 
versus siE7. (b) Flo* cytometric ana r i n ihma t~nne productior 
in allogenic naive CD4 + T cells after coculture with RSV-infected DCs, 
treated with or without siNSl. Results shown are from one representative 
experiment of three repeats. 



DISCUSSION 

, Although the human RSV NS1 protein has type-1 IFN-antagonistic 
effects, the mechanism remains unknown. This report underscores 
. the substantial role of NS1 in RSV : epilation and immunity to RSV 



infection. These studi< 
IFN-signaling system 
1 lated gene expression 
Furthermore, the resiil 
i ' >1 O! th pr 



show that the NS1 protein downregulates the 
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m of siRNA to 
has not yet been reported, although antiseuse 
oligonucleotide— mediated attenuation of RSV 
infection in African green monkeys has been 
reported 33 . The potential of this approach 
remains uncertain a;, the effects of these oli- 
gonudcotid wei i at the very early 
stage of infection (i.e., 30 min after RSV chal- 
jtically, both antisense and 



icai to suppressing IFN action, 
rntial for nanopartides encapsu- 
■eatment of RSV infections. 

RSV infection 



may alter splicing of precursor mRNA M > 35 . In contrast, siRNAs exert 
their effects in the cytoplasm 36 , which is the site of RSV replication. Also, 
intracellular expression from RNA polymerase II! promoters enables 
the production of stably expressed siRNA in the cell with sustained 
knockdown of liie target, and hence, lower concentrations arc needed 
to achieve levels of knockdown that are comparable to those from anti- 
sense reagents. 

We demonstrate in this report ihal DNA-vector driven xsNSl expres- 
sion s car line of c >ns iei t liei n 1 le, tii i of in a in 
epithelial cells, which are the primary targets of RSV replication. Wc 
used 14 , it 1 i il t 1 ii^ii n 1 n 
cells in terms ott i i p tyt S fhet isfection efficiency 
of the construct v s- i i -n ivti ff i I I d 1 and 
, . > , r d Win ,ih ai J, K pitt th the sitsW 
p i,i i lhioit d i 1 - production I " ' ~ which is consist nl 
with a 2- to 3-logl0, 0 decrease in RSV oteis. I in thermore, two differ 

t I I 1 1 ill 

Although the mechanism of the siNSl- mediated decrease in viral liters 
was not investigated , it may be attributed to the fact that NS 1 , located at 
the 3' end of the viral genome, acts as a common early -stage promoter 
for the initiation of both replication and transcription 38 . These results 
are consistent with icports that suggest that deletion of NS1 strongly 
attenuates RSV infection in vivo >-•> and suggest the potential appli- 

1 1 I i 1 I II *> 1 t 11 HI. 

We investigated the mechanism of siNSl -induced attenuation of 
viral replication. To establish that the ami viral effects of siNSl are the 
result of the modulation of the IFN paihwaw wc used Vero cells thai 
lack the type-1 IFN genes and conipa e 1 lie \ 1 h 1 I, u 
AST's L ells showed coiisideraliie siXS I - or siNS \ a- induced decreases in 
rgRSV- infected cell number* and virus tilers, we saw no effect of siNSl 
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Figure 4 siNSl exhibits antiviral activity in 
vivo, (a) Detection of NS1 gene expression 
using RT-PCR at 18 h after infection with 
rgRSV. (b) Determination of viral lung titer 

m A549 cells. *P< 0.05 
relative to control, (c) Airway respensiwrmv 
to inhaled methacholine (MCh) was measured 
in mice inectee with -eTsSV le!-o-.Vir:c V c cf'er 
pi [ h III _ | 

1 1 i n ult , l 
Penh (enhanced pause) after inhalation of 

i I i i i i to :j: ecu:,, lie i 
saline. *P< 0.05 compared to control. 

tl i i i - i i i-i 

a::, in c i 

e ii r r j- iu-g 

tissue using RT-PCR at 24 h after infection with 
rgRSV . !f. ONA bands were scarnsd using 'tie 
ii f 

it ii IjiriE c OOt relative 
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or siNSla in Vcro cells. Also, in parallel stud- 
ies, Vera cells cotransfected with pEGFP and 
siEGFP, not siNSl, showed substantial knock- 
down (91.68%) of EGFP gene expression (data 
not shown). These results show a definitive role 
of siNSl and siNSl a in tire attenuation of RSV 
K I ittc i ini 11 T j a 1 
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») tov isurerrent of viral lung titer 
n using plaque assay on 
clior: in spleen T cells in 
lactic treatment at day -2, 



berof nihil in l i it g • i 1 t ini 
exert the pi lot < p a f n. i dm" 
interference with viral rcoaicati'ui and niodn 
lotion of the host immune response-"'. The 
level of expression of I i : V - iri th ic ibie penes in 
infected A549 cells treated with siNSI was con- 
siderably altered, as shown by the microarray 
data. IRF3 and MxA expression were upregu- 
lated after NSl inhibition, in agreement with 
a previous report on bovine RSV 26 , although 
STAT2 levels were not changed. In addition, 
, expression of STAT1, IRFl, and ISGF-3y, were 
substantially upregulated in our studies com- 
. pared to control. IRFl may have an important 
role in human RSV infection because il func- 
tions as a transcriptional activator" .aid binds 
1 to the positive regulatory domain 1 of the 
IFN-(3 promoter 41 and to the IFN-stimulated 
response element of IFN-stimulated genes" 12 . 
ISGF-3y encodes a protein-interaction func- 
tion that allows recruitment of STAT] and 
STA'n, their translocation iron: the cytoplasm 
to the nucleus and initiation of transcription 
of IFN-stimulated genes 39 . Furthermore, results show that both the immunity. Monocytes have a role in the pathophysiology of RSV bron- 
IRF1 and phosphorylated STAT1 proteins translocate to the nucleus chiolttis 47 , and they represent a poo] of circulating precursors capable 

able to present pathogen-derived 
peptides to naive T cells. KS I seems to decrease type- 1 IFN production 
ini oil n i in i 1 i t I no ui [ 

sentation. The results of these studies .-.how dial RSV infection decreases 
the capacity of DCs to induce IFN-y in naive T cells 43 , which might 
cause the delayed RSV- specific immune response and permit multiple 
RSV reinfections. Tints, infected I >Cs treated with siNSl produce much 
more type- 1 IFN and also drive naive GEM ' T cells toward T H l-type 
lymphocytes that generate more IFN-y and less IL-4. 

in I i 1 no ) 1 t il ! 11 Pit 



Figure 5 Prophylactic and therapeutic potential of NG042-siNSl. ( 
in the mice given prophylactic treatment at 2, 4 or 7 d before RSV in 
A549 cells. *P<0.05 relative to control. (b,c) Intracellular cytokine 
the mice at 5 d after secondary infection, which were administered p 
inoculated with rgRSV at day 1 and day 16. (d) Measurement of viral 
(1 x 10 7 p. f.u. /mouse) at day 5 after secondary infection *P<0.05i parei lo control. Results of 
one experiment of two representative experiments are shown, (e) Analysis of ling RSV liters at 5 d 
after infection by plaque assay on A549 cells of mice treated with siRNA after different days of rgRSV- 
inoculation as indicated. 4 P< 0.05 relative to control, (f) Histology (staining with hematoxylin and 
eosin) of lung sections of mice treated with NG042-siNSls. control siRNAs, or NG042 alone, at day 2 
after infection. 



© of infected A549 cells through knockdown of the NSl protein, which of differentiating into DCs that 
suggests that NSl targets activation of STAT] and IRFl. 
An important finding of lhi.% st udy h- that siNSl and siNSla induced 
Muitnl r d, , iiia-intsuithieelolduiuiaseioflFN-Pcompared 
to controls, including silT oi sil'b'2 ['expressed from the same plasmid 
vector backbone as sir-PS I and the unrelated siRNA, indicating that NSl 
is involved in antagonizing type I These results arc in agreement 
with the increases in If N production observed with XSi /NS2-deleted 
human RSV infection 2 " 2f s it is noteworthy, however, that compared 
to RSV m ed i ct i.io ti'i lor plasmid 



n vitlmil it 1 ii IPs i u d i t i t i i - \ based thera- 



uawed i siigril oiT! modi mil i I n t oi 

I In n i bv i Hi ii 1 t 1 1 n o a T u I i s t in 
latt I genes, inch ' md OaS 4V V to CpC, nioti rv gen 

present in the vc-cmi ula.smiJ fnal arm.alc innate immunity by binding 
to TLR9 (ref. 45), or to the U6 promoter- vector, which induces a higher 

IlKl 1 1 111 It HI 11 I Hi ill IT! 



fc . The < 

lates certain IFN-inducible g 
and IRFl and IF 
siPR2reduced.ii 



oi tins 

report is that a new generate t i i i in m/k i hrtosan 

particles, NG042, can be used for dc novo expression of siNSl in the 
lung tissues that results in mail eel ion I nam RSV infection. NG042 shows 
hij i t i i lu t o . i moi mn i inflammation corn- 

pit 1 1 ii i.ii I ill i i t i 



1 siRNA-induced IFN production also The results of studies on the prophyla ii. - c ilia o NG042 sil SI 
s, particularly those encoding indicate that siNSl induces substantial protection from rgRSV Uifec- 
it for the finding that tion, infection-induced inflammation and airway reactivity, and the 



>n by about I ]og, { ,/; 
. o* . • - • t I 1 1 

U I lull I 



a role in generating a 



protective effc. > tie..-, l "no moi even a single-dose 

prophylaxis with NG04. S n^td n afbtts rei lfection in 

mice that are administered a higher dose of RSV 16 d after primary 
infection. The precise mechanism of enhanced protection is unknown, 
but it is probable that knockdown of the NS 1 gene augments anti-RSV 
host, immunity through enhanced IFN production and thereby prevents 
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mice from RSV reinfection. In addition, NG042-siNSl also attenuates 
established RSV infection. Thus, the antiviral treatment decreased viral 
titer in the lung, improved pulmonary function and attenuated pulmo- 
rgRSV-infected mice, 
our data show that NS1 promotes virus infection of 
and dendritic cells by inhibiting the type- 1 IFNpath- 
itii NG042- siNiSl either before or afie: RSV infection 
RSV infection and infection-induced pulmo- 
nbokiyv in mice. Tims. siXSi nanoparticles ma; prove to be a 
, new prr)])hy]ac.iiL and/or tnerapeutic agent agarnsi HSV infee- 



METHODS 

Virus am! cell lint 1 t li n 1 1 nm . imiti i 
the American lype Gilliiri Collet li.ni. Recombinant rgJ'.SX which encode.-, 
green fluorescent pro. air ,v»ss,.ppiird by M. la IVcples-*'. 



Plasmid c< 



,. 1 j u 1 1 i i i ii n r each siK i is as I ila ; 

g siNSl: 5 -C;c;c;ACX:AATTC;Al-TGACriAT(X;i-'JX:rex;AAATAAC;CATACTCA 

I ATCiAATTGCTGCCTTT'l ' FG -3 '; siNSla: 50GTGd:GCCC:iTiATAACAATAT 

I TCAAGAGATATTG1 1 .(i ,., a , \, M TT TTTTG 3'; siE7: 5-GAAAAC 

== CiATCIAA.YI AGAdXilTCAAGAGACXAlXTCATTTl W!\Xi ITTTCT-'I TTT7W; 

% iPB2 5'-GCCTAIAri'CAATAl t J J ITCTTTCCA 

~ TATT-GAATATAGCCTTTTTG 3'; and siUR: 5'~GGTCACGATCAGAATACT 

3 TCGCTCC5 AGOG A AG TATTCTGAI GTGACCCTTTTTTG -3'. Each pair of 

S oligonucleotide sequ n in ni>| 1 n , i appropriate 

® sites respectively, to generate the corresponding siKXA for RSV NS1, HPV 18 E7, 

C type A Influenza virus PB2 and pUR. 

as DNA transfection and virus infection. Cells were transtected with siNSl. or 

"§ controls (siE7, siPB2 or siUR) using Lipofcctaminc 2000 reagent (Invitrogen). 

°- We infected cells 24 h later '.villi rgRSV or RSV at appropriate multipUcity of 

S infection. We used the pFGFRplas id agen. for measurement of trans- 

■g fection efficiency. 
2 

J£j Flow cytometry I i i n I li ll i harvested and 

g scored foi post in ith appropriate gating anc 

@ pioper ton i c 
m K c II 

!v Lit ion of DCs from human peripheral blood and nieasuremen to! I FN.- in 
fHfpPsuperiiatants of infected DCs. Monocytes purified from I'FMCs using mono- 
cyte isnlaiiun Kit TT 'M iltenyi Biol.ec.) were seeded into 6- well culture plates 
supplemented with 200 ng/rnl II -I and 50 ng/ml GiVi-CSF (BD Pharmingen) 
nd nl ui ilt" d i in i n t i m ml ion ill 

is i id po in 111 I i I ! ( If 

Kit and IFN-fj ELISA kit (FBI. Biomedical Laboratories). 

Analysis of intracellular cytokine production in T cells. Human naive CD4 
I II i K i ell 1 I 1 ii 

Miot.ee.) from umbilici! aire blood ware cocullurcd with irradiated monoeytc- 

111 , ! Ill f 1 G ) I II t I 1 

ti in cultu i 1 l m - 1 i. 

We cultured m isi s| It i 1 1 n- i i r i 

tiR & ItSyst j Tie tie stimulated 

■ it' | hoihr. 1 n - i . i ii. I i • , "li • . m 

ii ii i i n 

ned t 



Immunofiuoi-scen a I r 1 i . i 1 - d t . 

roeabilized with ( hit i loo i 11 I 

phosphaU bulk i 1 m i I i n n,i c next mcubatcd 

ell v I iF! mibo ii f, f l 

Upstate), respectively, and then with Zenon Alexa Fluor 488 (Molecular Probes j. 
The slides were visualized by i i - i i > m 



Plaqueassay.Weaddedtm'olt u In tion of the supeniafanls to a mono- 
layer of A549 cells and replaced the medium in each well of six-well culture 
plates by an agarose-containing overlay 2 I 'Mi In" rclal bovine serum, 
1% low melting point agarose : Gibco BRTj r The plates were incubated at 37 °C 
for 5 d. Afterward, we added in is hi .i si -.y -a 1 i t d th plaques 
48 h later. 

Hi nai assies n l\ i i i tl n i ,0, I id 

10 ug of total RNAs to prepare cDNA. Gene cspre.o.ioi was analyzed with 
Gn I Hunan Genome id e b As . probe arrav ! Ainanetrix . according to the 
manufacturet s ) i I hWt lime 

data analysis witi I a ■. (MAS 5.0 

Protein expression analysis by western blotting. Traie I n I Aaa 1 ere 

celllysates using 12% polyacrylamide gels and i ransferrec: the proteins to PVDF 
mem cranes iBiO -R A] v. The blot was no ubsied separaiely wilh RSV polyclonal 
antibody (AB 11 2 h con In n >I ho ted IA'1'1 (i i (tl), 

STAT2, IRFL IRF3, IRF7, ISGF-3y and lF,N-|i (Santa Cray.), phosphorylatcd 
STAT1 (Ser727,Upstatej or MxA antibody 1 0. 1 ialier i. Jnuminoblol signals were 
developed bv sip . m.ihI 1 M t i Ji n n w m t i n ' .i t 



Studies in mice miajstiicl i he tjni 1 of South Florida 

an n t i I 1 li t i mil n n 1 i Hi n mmitU'e. 



Inc) intranas 
group helot"' 



nan. fiat, 
.-cith vgRS 



ale, R-w 



ti per 



a.ru.;n-ioi.ise.,. The pub 
described previously 21 . 
Finally, all mice were idlicd the nest day The RSV tiler was determined by plaqm 
assay from the lung homogen i tic lions from lungs 

(n = 8) were stained with hematoxylin and rosin. Wc performed RT-PCR analysis in 
the lung tissue using the following primes. IF'N- fit forward. 5'- ATAAGCAGCTC- 
CAGCTCCAA-3 ', reverse, 5"-CTGTCFGCFGGTGGAGTTCA-3"; RSV-NS1: 
forward, 5'-ATGGGGTGCAATTCATTGAG 3', reverse, 5 - -CAGGGCACAC 
TTCACTGCT-3'; RSV-F: forward, 5 -TGGAGTGCAGTTAGCAAAGG-3', 
reverse, 5'-TCTGGCTCGATTGTTTGTTG-3'; and GAPDH: forward, 5'- 
CCXn"K J ATTGAGCTC:A\CT-5 , reverse, 5 GACGCCAG'TX, iAfTCCA ! OCR 
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